ABSTRACT When poultry manure is collected but cannot be analyzed immediately, a method for storing the manure is needed to ensure accurate subsequent analyses. This study has 3 objectives: (1) to investigate effects of 4 poultry manure sample preservation methods (refrigeration, freezing, acidification, and freezedrying) on the compositional characteristics of poultry manure; (2) to determine compositional differences in fresh manure with manure samples at 1, 2, and 3 d of accumulation under bird cages; and (3) to assess the influence of 14-d freezing storage on the composition of manure when later exposed to 25°C for 7 d as compared with fresh manure. All manure samples were collected from a layer house. Analyses performed on the manure samples included total Kjeldahl nitrogen, uric acid nitrogen, ammonia nitrogen, and urea nitrogen. In experiment 1, the storage methods most similar to fresh manure, in order of preference, were freezing, freeze-drying, acidification, and refrigeration. Thoroughly mixing manure samples and compressing them to 2 to 3 mm is important for the freezing and freeze-dried samples. In general, refrigeration was found unacceptable for nitrogen analyses. A significant effect (P < 0.0001) of time for refrigeration was found on uric acid nitrogen and ammonia nitrogen. In experiment 2, the total Kjeldahl nitrogen and uric acid nitrogen were significantly lower (P < 0.05) for 1, 2, and 3 d of accumulation compared with fresh manure. Manure after 1, 2, and 3 d of accumulation had similar nitrogen compositions. The results from experiment 3 show that nitrogen components from fresh manure samples and thawed samples from 14 d of freezing are similar at 7 d but high variability of nitrogen compositions during intermediate times from 0 to 7 d prevents the recommendation of freezing manure for use in subsequent experiments and warrants future experimentation. In conclusion, fresh poultry manure can be frozen for accurate subsequent nitrogen compositional analyses but this same frozen manure may not be a reliable substitute for fresh manure if a subsequent experiment is performed.
INTRODUCTION
The contribution of the poultry industry to the world food supply has been increasing significantly in past decades and is expected to increase in the future because of the increasing food needs arising from the growing worldwide population. At the same time, the negative effects of manure originated from the poultry industry are attracting more and more public attention. Gaseous compounds, such as ammonia, are produced mainly through the decomposition of manure and they contribute to odor, acid rain, and pollution of the ground water (Sommer and Hutchings, 2001; Nahm, 2003) .
Handling of manure is a significant environmental concern and hence research in this area is increasing.
When using poultry manure in any experimental setting, a reliable manure storage method is needed to temporarily keep poultry manure samples for later chemical analyses or other use. Several storage methods, such as refrigeration, freezing, acidification, and freeze-drying, have been widely used in practice. However, limited evaluations have been done for poultry manure. The characteristics of poultry manure are affected by feed, different species of birds, age of the birds, bedding material type, and water intake (MAFF, 1994; ASABE, 2005) . Freshly excreted poultry manure usually contains about 75% moisture and other volatile compounds such as ammonia. In general, the characteristics of poultry manure vary along with the moisture evaporation, gas emissions, heat production, and other chemical reactions. Wet poultry manure, in the presence of water and oxygen, has been shown to have a nitrogen decomposition rate of 40% per day, from uric acid to ammonia (Burnett and Dondero, 1969) . In stored or treated poultry manure, up to 50 to 90% of the total nitrogen may be in the form of ammonia (Miner et al., 2000) . Therefore, a reliable method of poultry manure storage, in which the sample collected and analyzed is similar in composition to the fresh sample, is necessary and critical for proper interpretation of data.
The storage method becomes even more critical because poultry farms are usually isolated from laboratories and research institutions where the analyses will be done. A suitable storage method will save time and be economical if the characteristics of stored poultry manure are stable and could be further used as fresh poultry manure in subsequent analyses or experiments. In the context of this experiment, a storage method is equivalent to a preservation method. The objectives of this study were as follows: (1) to evaluate the effects of 4 storage methods (refrigeration, freezing, acidification, and freeze-drying) on the composition of poultry manure relative to freshly excreted manure; (2) to investigate compositional differences in freshly excreted manure compared with manure accumulated under bird cages after 1, 2, and 3 d; and (3) to evaluate the use of 14-d-old thawed manure compared with fresh manure for compositional measurements over 7 d.
MATERIALS AND METHODS

Poultry Facility
The manure samples were collected from an environmentally controlled cage layer house at the Avian Science Research Facility at the University of California, Davis. The facility was stocked with 300 mature laying hens and 200 mature roosters. The Single Comb White Leghorn birds were individually housed in galvanized wire cages that were 0.9 m above the concrete floor. The typical arrangement of the birds was 2 females and then 1 male. The size of the cages per hen was about 31 cm wide, 36 cm deep, and 46 cm high. The size of the cages per rooster was about 61 cm wide, 36 cm deep, and 46 cm high. The typical temperature range was 22 to 25°C and the exhaust fans ran 24 h per day, resulting in about 11 full air exchanges per hour. The house light cycle was 16L:8D with the lights going on at 0600 h.
Manure Collection
Experiments 1 and 3. A complete cleaning of manure from the house floor was performed about 0800 h and then manure was collected within approximately 1 h. Poultry manure was sampled randomly throughout the house using a trowel and a spatula for experiments 1 and 3. This sampling method allowed fresh manure collection with minimal feather contamination. The collections occurred during August, September, and October 2007. Collected manure was placed in large plastic bags (3.79 L; Ziploc bags, S. C. Johnson & Son Inc., Racine, WI) and completely sealed as soon as possible. Sealed bags were immediately placed into an insulated cooler with bagged blue ice (Polar Pac, Mid-Lands Chemical Company Inc., Miami, FL) to help cool samples as soon as possible. Samples were then transported to the Animal Nutrition Laboratory, University of California, Davis, within 15 min of collection for further preparation.
Experiment 2. Accumulated poultry manure samples for 1, 2, and 3 d were collected from randomly chosen poultry groups at the same site in October 2007. A poultry group consisted of 4 females and 1 male that were housed in 5 continuous cages. Plastic film was placed under the cages for each poultry group to collect the excreted poultry manure. All manure accumulated on the plastic films was collected and treated as in experiments 1 and 3 before arriving at the Animal Nutrition Laboratory. The fresh manure samples were taken throughout the house.
Further Sample Preparation
Experiment 1, Four Storage Methods. Four storage methods (refrigeration, freezing, acidification, and freeze-drying) were evaluated in this study. Preparations for storage, including mixing and distribution to storage containers, were performed in a ventilation room at room temperature (about 25°C) once samples arrived at the laboratory. Manure samples were mixed for 5 min to obtain a homogeneous sample using an upright mixer with a flat paddle (Professional KitchenAid, St. Joseph, MI). Any residual feathers and nonmanure contaminants were removed while mixing.
After mixing, the poultry manure was immediately weighed into bags or centrifuge tubes for subsequent storage. Samples for refrigeration, freezing, and freezedrying were transferred to 17.5 × 20 cm Ziploc bags (946 mL) with 50 to 70 g per bag. The manure in these bags was compressed such that the manure was evenly distributed in the bags, resulting in an overall thickness of about 2 to 3 mm. The manure sample thickness in the bag was important so that samples could be frozen and thawed rapidly. The thin-bagged manure could completely thaw in just a few minutes at a room temperature (about 25°C).
Samples for acidification storage were weighed into 50-mL polypropylene centrifuge tubes by adding 20 mL of 0.5 M H 2 SO 4 solution to about 20 g of manure per tube. The capped tubes with acidified samples were gently shaken manually until thoroughly mixed and stored at room temperature (about 25°C) for subsequent measurements.
Once samples for acidification storage were prepared, samples for refrigeration storage were immediately put into a refrigerated room at 4°C and those for freezing and freeze-drying storage were stored at −20°C.
After 1 d, samples were taken out of the freezer and dried using a Virtis 50-SRC freeze dryer (Virtis Co. Inc., Gardiner, NY). The freeze-dryer shelf temperature was maintained at +28°C, the condenser temperature at −45°C, and the vacuum at 100 millitorr. The drying process took 1 d. The freeze-dried samples were then kept at a room temperature.
In addition to analyzing the fresh samples in duplicate, duplicate samples stored by refrigeration, freezing, and acidification were analyzed after being stored for 1, 2, 7, and 14 d. Freeze-dried storage samples did not include d 2.
Experiment 2, Accumulated Manure. Accumulated manure collected from fresh, 1, 2, and 3 d accumulation were prepared immediately as fresh samples as described previously.
Experiment 3, Comparison of Fresh and Frozen Manure. From experiment 1, 14-d frozen manure was found to be similar to fresh manure composition and thus was chosen to compare with fresh samples when exposed to controlled environmental conditions. Fresh manure and the manure after 14 d of storage at −20°C were exposed to an environment of 25°C over 7 d to compare the compositional changes in the 2 manure samples and determine if the frozen manure could be used for subsequent experiments when manure compositional characteristics were of interest. Seven days were used because it was projected that most changes in manure composition would occur within 1 wk. Poultry manure for this test was obtained from the third collection of fresh manure in October 2007. After mixing, fresh manure samples were weighed and evenly distributed into preweighed and labeled 85-mL aluminum weighing dishes (Fisherbrand, Fisher Scientific, Suwanee, GA) with 25 ± 0.5 g of manure per dish. A total of 36 dishes were prepared in all. Eighteen were place into a 25 ± 0.5°C incubator (Isotemp Model 304, Fisher Scientific), whereas the remaining 18 were first frozen at −20°C in sealed plastic bags and 14 d later taken out from the freezer and placed into the incubator for the same 7-d test.
Two dishes from each treatment were randomly removed from the incubator on d 0.5, 1, 1.5, 2, 3, 4, and 7 for fresh and frozen manure samples. The dishes were immediately weighed and analyzed for DM content. The excess dishes were discarded. This process was repeated with the set that was stored frozen for 14 d. All samples were also analyzed for total Kjeldahl nitrogen (TKN), uric acid nitrogen (UAN), ammonia nitrogen (AN), and urea nitrogen (UN).
Chemical Analyses
The manure samples were analyzed for DM, organic matter (OM), pH, TKN, UAN, AN, and UN. The DM, OM, and TKN were measured using the standard methods (APHA, 1998) . The sample sizes of DM, pH, UAN, AN, UN, and TKN were 5, 3, 0.5, 5, 5, and 3 g, respectively. The pH of acidified samples was directly measured with a pH meter (Accumet AR50, Fisher Scientific) and was between 3.8 and 4.2 for all samples, whereas the pH of the other samples was measured from a mixture made by 1 part wet manure or 0.5 part freeze-dried manure and 5 parts deionized water (Wolf, 2003; Roberts et al., 2007) and shaken for 10 min. Uric acid nitrogen was extracted with 0.5% borax by shaking for 30 min and determined by a colorimetric procedure (Alumot and Bielorai, 1979) . Ammonia nitrogen was extracted with 2 M KC1 (Keeney and Nelson, 1982) by shaking for 10 min and then centrifuged for 10 min at 3,000 × g (Sorvall model RC-5B refrigerated, DuPont Company, Newtown, CT). The supernatant was paperfiltered and AN was measured using a Fisher Ion Membrane Electrode (Accumet AR50, Fisher Scientific) after increasing the pH over 11 by adding a 10 M solution of NaOH. Urea nitrogen was extracted with deionized water by shaking for 10 min, centrifuged for 10 min at 3,000 × g, and analyzed colorimetrically at 450 nm on a Technicon II Autoanalyzer (Skeggs, 1957) . All shaking processes were conducted using the same shaker ( ) The interactions were examined by using the slice option to determine the effect of time for each treatment. A significant P-value for slice effect means that the effect of time was important. A simple 1-way ANOVA model was also used to test for differences from 14-d storage treatments to fresh manure at d 0. Differences in treatment means were determined using least squares means (SAS Institute, 1999) . Experiment 2. Measurements of DM, OM, TKN, UAN, AN, UN, and pH were analyzed using PROC GLM (SAS Institute, 1999) using a 1-way ANOVA model where the 4 treatments were fresh manure, 1-, 2-, and 3-d manure accumulation with 2 replications. A cell means model was used because of the number of replicates. Differences in treatment means were determined using least squares means (SAS Institute, 1999) .
Experiment 3. Measurements of DM, TKN, UAN, AN, and UN were analyzed using a simple ANOVA using PROC GLM (SAS Institute, 1999) where fresh manure samples were compared with the 14-d thawed frozen manure samples after they were exposed to an incubator environment.
RESULTS AND DISCUSSION
Experiment 1, Four Storage Methods
The goal of experiment 1 was to evaluate the effects of 4 storage methods (refrigeration, freezing, acidification, and freeze-drying) compared with fresh manure on the composition of poultry manure. The results of different storage methods relative to the analytical results from fresh manure are shown in Figures 1, 2, 3 , and 4. The nitrogenous compositions of fresh poultry manure in this study are in accordance with reported data (Davis, 1927; Ekman et al., 1949; McNabb and McNabb, 1975; Krogdahl and Dahlsgård, 1981; Kirchmann and Witter, 1992; Groot Koerkamp, 1994) . Kirchmann and Witter (1992) reported values on a DM percentage basis for TKN, UAN, AN, and UN of 5.1, 3.1, 0.419, and 0.064, respectively, which are very close to those of fresh manure found in this study (Table 1) . Acidified samples resulted in TKN variability over time in Figure 1 and confirmed by a significant effect of time (Table 2 , P < 0.001) for acidification. Acidification also showed UN variability over time (Figure 4) but not sufficient to cause a significant effect of time for acidification. The mixing ratio of manure to acid in the present study (20 g of manure to 20 mL of 0.5 M H 2 SO 4 ) might not be adequate to completely stabilize poultry manure. The pH level of acidified fresh and accumulated manure varied from 3.76 to 4.22. Storage of manure by refrigeration resulted in lower UAN values in Figure 2 , especially on d 14, which was 46.7% lower than fresh manure. This finding was also confirmed by a significant effect of time (Table 2 , P < 0.001) for refrigeration. The refrigeration storage method also resulted in higher AN values, which gradually increased to 64.2% of the original value after 7 d and then rapidly increased 4.6 times as high as the initial level of fresh manure on d 14 as seen in Figure 3 and confirmed by a significant effect of time (Table 2 , P < 0.001) for refrigeration. Freezedrying manure samples resulted in lower AN values in Figure 3 but not sufficient to cause a significant effect of time for freeze-drying. However, nearly half of the AN levels were lost after 1 d. The loss of volatile compounds during the freeze-drying process might lead to considerable errors in mass balance. However, in this study, substantial loss in mass balance of nitrogen was not found. Low AN levels for freeze-drying ( Figure 3) were probably due to the sublimation that occurred to dry the sample and the temperature difference in the freeze-drying process. Because AN levels are typically very low in fresh poultry manure, this should not be an issue. However, this might be an issue if other volatile compounds are of interest. Microbial activity and hydrolysis were suppressed because of the dry conditions freeze-dried sample (Ernst and Massey, 1960; Turnbull and Snoeyenbos, 1973) . The UN levels in Figure 4 varied for the refrigeration and acidification methods but there were not any significant differences because of the high variation. These findings may not hold if arginine levels were high in the poultry feed, resulting in atypically high urea levels in the manure. Urea nitrogen was the lowest nitrogen component of the poultry manure samples in this study.
The results from Figures 1, 2 , 3, and 4 are supported by a simple analyses comparing fresh manure with 14-d stored manure as described in Table 1 . Clearly, the refrigerated sample at d 14 is the least desirable storage method when compared with fresh manure. The other storage methods appear equally suitable compared with fresh manure, but the previous analyses and Figure 1 show that there are some differences in TKN with the acidification treatment.
Freezing was found to be the most stable method and freeze-drying is fairly stable when the experimental goal is to have a means to preserve a manure sample collected from an experiment for subsequent analyses (Figures 1, 2, 3 , and 4). Freeze-drying may be a very good method if samples need to be stored for long periods of time. Based on the results of this study, the order of preference for storing samples for subsequent nitrogen analyses would be freezing, freeze-drying, acidification, and refrigeration, with refrigeration considered unacceptable for subsequent nitrogen compositional analyses, other than TKN, at storage times longer than 7 d. Also, frozen and freeze-dried samples must be stored in a very thin layer as described in the Materials and Methods section to allow for quick freezing and thawing. The methods recommended for fresh manure are probably suitable for use with accumulated manure as long as ammonia or urea levels are not high. However, as discussed below in experiment 2, a short-term accumulation study was done to determine how composition changes when manure accumulates but further research of the effect of long-term accumulation of manure on poultry manure composition is needed before recommendations can be made for preserving accumulated manure at longer times.
Experiment 2, Accumulated Poultry Manure for 1, 2, and 3 d
Practically, poultry manure is intermittently accumulated on a conveyor belt under cages for about 1 d before being transported to deep pits. Data describing the loss of nitrogenous components from one or more days after excretion are not found extensively in the literature. Compositional differences in fresh manure compared with manure samples after 1, 2, and 3 d accumulation were analyzed in this study. The DM, TKN, and UAN components of fresh and accumulated poultry manure were found to be significantly different (P < 0.05; Table 3 ). The DM content of fresh poultry manure steadily increased from about 2.9% higher after 1 d to about 4.2% higher after 3 d of accumulation. Most changes in the accumulated manure compared with fresh manure happened after d 1 for TKN and UAN. The TKN values for the average of d 1, 2, and 3 decreased by more than 19% compared with fresh manure. Similarly, UAN values for the average of d 1, 2, and 3 decreased by more than 27% compared with fresh manure. The similarity for DM and nitrogen compositional analyses on d 1, 2, and 3 were not expected. One possibility could be because the loss of moisture and other compounds was restricted to the air surface of the manure. Moisture could not escape from the floor surface because a plastic film was used on the floor instead of allowing direct contact of the manure with the concrete. However, this may be more similar to the situation when manure is residing on a conveyor belt. Also, the biochemical reactions from old manure might be hindered after it was partially covered by newly excreted manure. The importance of these findings is that 1 d of accumulation after excretion, the TKN and UAN values were substantially lower than what was initially excreted from the bird and did not change after 2 or 3 d of accumulation. Fresh manure samples were compared with the 14-d thawed frozen manure samples after they were exposed to an incubator environment.
Experiment 3, Fresh Manure Samples Compared with 14-d Thawed Samples After Exposure to a Controlled Environment for 7 d
The nitrogen compositions of frozen poultry manure samples were not significantly different from that of fresh manure when the manure samples were exposed to the incubator environment (P > 0.05; Table 4 ). Almost all of the moisture loss happened during the first 1.5 d (Figure 5 ), resulting in a 97.2% moisture decrease in fresh manure compared with 97.4% in freeze-stored manure, and the moisture content stayed steady after 1.5 d (Figure 5 ). Although a significant difference was noted in the DM content of the 2 manure samples (Table 4), this difference is not considered to be biologically important. Thus, most of the changes probably occurred in the first 1.5 d because it has been shown that when the water content is low, the decomposition of uric acid decreases dramatically (Vogels and Van der Drift, 1976) .
This study demonstrates that at 7 d in an incubator, fresh manure and manure from 14-d thawed frozen samples are similar. However, manure samples showed high nitrogen compositional variability during intermediate times. Although fresh and frozen samples were shown not to be significantly different when analyzed with a repeated measures model, further experiments must be done to ensure that these preliminary data are repeatable before recommendations are recommended. The variability of nitrogen components may be very important when using the experimental results as guidelines for management or as input to mechanistic models; therefore, future confirmation of these results is important before using frozen manure for subsequent experiments. 
Conclusions
The results from the 3 experiments performed in this study provide 4 important recommendations regarding the handling and storage of poultry manure samples. They are useful for future experiments when any of the response variables require a measurement of nitrogen composition from poultry manure.
(1) If one is performing an experiment and needs to analyze the nitrogen composition of poultry manure, one should measure the nitrogen composition immediately if possible. If immediate analyses are not possible, then the manure sample should be immediately mixed and compressed to 2 to 3 mm in sealed bags or containers and placed into freezing storage immediately. These frozen samples can be analyzed at a later time by thawing the frozen sample. The samples can also be freeze-dried and later analyzed. (2) Refrigerated samples should not be used to preserve poultry manure for subsequent nitrogen analyses unless the samples will be analyzed immediately.
(3) Poultry manure collected after 1 d of accumulation in the poultry environment has a different nitrogen composition than the manure collected immediately after defecation. (4) If the goal is to collect and store poultry manure, and then use this manure to represent the original manure for a future experiment, then freezing samples for storage appears to be a possible choice. However, based on the experimental data from this study, manure that is frozen and then thawed may show results that do not represent the original fresh manure because of the high variability observed in the nitrogen components of the manure samples exposed to an incubator environment. The effects of the freezing and thawing process on the validity of using manure samples for subsequent experiments need further investigation. Means in a row with different superscripts are significantly different (P < 0.05).
1 All values are on a DM basis except DM, which is on a wet basis. 2 TKN = total Kjeldahl nitrogen; UAN = uric acid nitrogen; AN = ammonia nitrogen; UN = urea nitrogen. 
